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Mr. Chairman, Congresamen and Observers:

P. 003

I have been asked to summarize the early effects of sxposure of|aninals

amd man to external radiotion with particular reference to the effects of fallout 
radiation on the Marshallese, the Los Alamos accident amd radium, I addition I

have been asked to comment on the beta burns in the Marshallese and qther examples

of beta burns. Since my personal experience is limited to the Mar lese and ar

imal experimentation I shall limit myself to these and supply reference material

for the others.

It is quite impossible to cover all of this material in a reaso ble period

of time so I shall concentrate upon the effects of exposure to extersht radiation

on animals and man with a clinical description of the syndrome of radh

ness as a funetion of dose of radiation and highlight the discussion

trative material collected in the study of the Marshallese (1).

My prepared statement includes numerous references and further :n

that time will not permit discussion of at length here.

Radiation syndromes vary as a function of the type of exposure,

the time after exposure to radiation. In general radiation injuries ¢

into three.gerieral classes:
os

ation sick-

ith illus-

terial

he dose and

an be divided 
a) "The:syndromes of whole body radiation injury produced by per

lonizing radiation which are dose and time dependent.

b) «Superficial radiation burns produced by soft radiations (be

energy x or gamma radiations).

etrating

and lov

e) Radiation injury produced by the deposition of radionuclides vithin

the body.

In the latter casa the clinical picture varies with the site and amounf of deposition.

Each of the above is associated with an early phase in which acut symptoms

and signs may be observed, and a late phase in which chronic changes o manifesta=

tions such as cancer may be observed. I wish to emphasize also that the degree
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of injury and the clinical manifestations are rroportionate to theldose. This

is particularly true of the symircmes of whole body radiation. mo latter is and

I repeat, highly dependent on dose and time after exposure. There}is no simple
 

description. The problem is subtle and complex am one must alwaya bear dose and

time in mim.

THE SYNDROMES FRCM TOTAL BODY PENETRATING RADIATIONS  The dose dependent symiromes resulting from total bedy expoeurt in the

mammal have been described in detail and I shall only aimmarize them here. For    

  
  

  
  
  
  
   

  

 

  

   

further details one is referred to the following references (1-12 ). After

8y ndrome

beam while

large doses (approximetely 6000 r or more) the central nervous syst

wich can be aboreviated CNS is produced. Death may occur under th

being irradinted or after some hours. *he clinical pieture is chardcterized by

nyperexcitabi lity, disorders of eguilitrium, incoordination, respiratery distress

and intermittent stupor. Convulsions may preceed death, Doses capaple of producing

this syndrome are always uniformly fatal. If an oceasional snimal, Bnd presumably

Man, survives this CNS he has yet to experience the gastrointestinal] syndrome (GIS),

which when produced by doses in excess of 1500 r is always fatal within three to

nine days for mammals. Presumably man also will respond in a compargble manner us

laboratory animals, The GIS is so named because of the tarked nauseq, vomiting,

diarrhea, and denudation of the lining of the small bowel, The GIS Hs a uniformly

fatal syndrome in most laboratory animals, If the short duration GIG cf a few hours

resulting from lower doses, does not produce the three to nine day depth, the sur~

vivors of this syndrome have yet to experience the sequelae of bone mhrrow depression

which has been termed the hemopoietic eyndrome (HS). The HS is not npcessarily fatal.

It is the clinical nicture that 1s seen in the lethal range for all ls and in

general the 50% lethal dose valuee reported, represent the 1D°9 for tHe sequela of

hemopoietic depression ~ namely granulocytopenia, depressed defenses against infec-

tier, thrombopenia, and anemia with the possible resulting infections 4iffuse pur~ |
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purpa, and kypoxia due to anemia, any cone of which may be fatal. Many detailed -

descriptions of the pathogenesis of these phenomena have been publishdd (1-4,12-16).

The above picture of radiation syndromes is based on animal expdrimentation;

however, human experiences particularly as observed at Hiroshima and Nagasaki and

inthe Marshallese natives has indicated that man probably correspoms quite

closely to thea general mammalian response outlined sbowe with the exckption of

some differences in time of occurrencsa, The CNS apparently was not observed by

the Japanese at Hiroshima and Nagasaki. Cne would not expect it to hhve been

observai since Joses to produce this symirome vere well within the arpa of alnost total destruction. The GIS with deaths in the first week are well dobumented

clinically and patholovically os are deaths from the HS. Nowever infthe case of man,

denths fron infection were most prevalent in the second to fourth vedks (maxdmum

ineldence durins the third week) ami from hemorrhasic vhenomena in tYe third to the

sixth weeks (maximum incidence in the fourth veek). In the Japanese] after the

bombing of Hiroshima and Nagesaki, deaths from radiation injuries wege occurring as

late as the seventh week. This is in contrast to other animals wher$ deaths from

the acute phase are uncommon after the 30th day.

PRORASILITY OF SURVIVAL AS RELATED TO SYMPTOMS  Predictions of the effects of various doses of gamma radiation bre essential   

   
  
   

     

to military and civil defense flanning. If the absolute sensitivity, of man to

rediation were known, and if it were practical to determine the dos@to groups

under catastrophe comditions, a roalisti¢c statistical prognosis co be made.

However, these predictions cannot be made accurately at the present fiime. Problens

involved with estimation of dose received by the individual, present] real practical

difficulties. It is probable that dose estimates will be available [fron dosimetry

devices or from dose contour lines and the position of individuals ing exposure.

The difficulties of relying heavily on the dose estimates for a single individual

are apparent, The exact position of the individual and the degree shielding
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will not be known precisely. The dosimetry device, records the doge or done rate,

which may not reflect accurately, because of shielding and energy dependence of the

device, the deposition of radiant energy at the site of interest, ely the bone

marrov and the lining of the intestinal tract.

The problems associated with predicting medical effects from pHysical’ estin-

ation of dose can be further illustrated as follows: it 1s apparent [that done

estimntes available will be air doses. The dose received by the aint is of academic

interast only, since the degree of effect in living things is due tol the deposition

of energy and its distribution in the critical tissues. Accordingly| one must know

the depth dose nattern or sore precisely the pattern of absorbed Joss in sensitive

critical tissnes. This problem has been explered experimentally at freat length

and is deseribed in detail in references (17). More need not te said here other

than the fact that the uniform fleld cf radiation coming at an indiviflual fron

all directions is sore effective per r in air than dose of radiation pf directional

quality. In urban areas there may he shielding from the fallout fielf by buildings

or inhomogeneities in the field due to drift in dry windy areas. With the prompt

radiation shielding may te significant and the proximity of large buildings may ser~

Jously influence scatter ani perturb the uniformity of the radiation.]| Lastly a

fallout field may be made unidirectional by heavy shielding from buildinge on one

side, Thus estimntas of dose calculated from dose rates or derived frbm an inte-

frating type of dosimeter that adds up to the total dose received, or Form position

of an individual during exposure, cannot be accepted as the best indexfof the pro~ 
-bable fate of this individual, or as the final guide to treatment. The physicien is

interested in the individual from the stardpoint of sorting casualticp with some

chance of survival ard those for whom nothing can be dene, and of squa importance

the troop commander is interested in the over all prognosis of large froupa of

individuals in order to make plans for disposition and replacement. ese two

differentdesires cannot be completely met by physical estimates of doge. How

ever, nature has been helpful. The manifestations of radiation injury Wary vith
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the amount of radiation received. In other words, the symptoms of the individual or 
groups of individuals becomes in a sense a personal indicator of oneb' own fate. Ex

perience with human radiation injury in Hiroshima and Nagasaki (4,5,80,21) with

reactor accidents (3,6,9) and the fallout accident (1,18) to be deschibed later

strongly suggest that the best incex of the seriousness of exposure $f the individ-

wal is the symptomatology, in addition to the physical estimate of dése.

Raddation injury is complex and subtle, ami the manifestations §f the injury

vary considerably. Ina general sense, individuals exposed in the l§@thal range,

(here some, cut not all, ~i1l die in the first several veeks followisz exposure)

can be divided according *o symptoms and signs, into groups having afdifferent

vrognosls, Thus they may be divide] inte three groups in which survgval is, res-

pectively, improbable, possible, and protable. It will te apparent pet there is

no sharp line of Jesareation anong the groups. The distinguishing fqstures are

severity and porsistence of vomiting and diarrhea,

Group I Survival Improbable:

If vomiting occurs premptly or within a few tours and continues Bri is followed in rapid succession by prostration, diarrhea, anorexia and er the

prognosis is grave: death will olmont definitely oceur in 100% of the individuals

within the first week, There is no known therapy for these people; akcordingly

in a catastrophe attention should be dovotod principally to others fof whom there

is some hope or in whom therapy is clearly indicated.

oup IT Suryival Possible

Vomiting may occur early but will be of relatively short duratiog followed 
by a period of well being. In this period of well being marked chang§s ere taking —

place in the hemopoietic tissues. Lymphocytes are profoundly depress within

hours and remain so for wonths, The neutrophil count 1s depressed tollow levels,

the degree and tine of maximum depression depending upon the dose. Signs of in

fection may ba seen when the total neutrophil count has reached virtuglly zero
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(7 - 9 days). The platelet count may reach very low levels after tYo weeks, Ex

ternal evidence of bleeding may oceur vithin two to four weeks.

sents the lethal dese range in the classical pharmacologic senae,

the symptom free period (the latent peried) lasts from one to three

little clinical evidence of injuries other than slight fatigue. At

of the latent period, the patient nay develop purpura,* epilation o

lesions, infections of wourds or burns, diarri:ea or melena**. The

simnificant, With therapy the survival time can be expected to be

siffielent time is provided for bone marrow regeneration the surviva

inereased,

In group 1 (Survivel impossible} and ercup 2 (Survival possible

nicture is not as well documented as in ereup 3 (Survival probable),

Thgs group repre

this group

eeks with

he termination

1 and cutaneous

rtality will be

olonged and if

| rate will te

} the bleod

There are

geod clinical reasons to believe that in the lethal range the cromaferts depressions

vill be murked and below 1,000 per ran? during the second week, Obse:

in Japan confirm this contention. Mowever in the sublethal range it

longer for the granulocyte and platelet count of man to reach minima]

 

i'yet'ons made

takes much

values, as 
compared to other mammals, Despite the chaotic conditions that exis

the data of Kikuchi and Wakisaka (11) shows that there was a more ra

decrease in groups 1 (Survival improbable) and group 2 (Survival pos

group 3 {Survival probable). Before going on to group 3 survival pr

refrain from a comment on therapy.

Much has been learned from the experimental therapy of radiatio

animals.

transplantation of bone marrow from one strain of animal to another,

afforded by transplantation of genetically specific material, that is

member of the same strain to an irradiated member of the same strain,

and long laating.

strain of mouse, the protection is less marked and not as long lasting.

* Bleeding into skin
** Black stools from digested blocd

  
  

     

 It has been conclusively st.own thet protection can be affor

If the material for transplantation has its source

ed in Hiroshina

injury in

ed by the

The protection

‘from one

is very good

in another 
If the
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If the protective material comes from another species of animal the Protection is

very short lived and not nearly as effective.

bone marrow vould significantly increase the survival rate of expos

In prineipal the trandplantation of

human beings

in the group 2 (Survival possible) and possibly to a lesser extent ig the group 1

(Survival improbable) casualties. The amounts cf bone marrow neededlare large and

the mongrel nature of man takes it unlikely that very much could be dxpected in

the way of long term rrotective effect.

of wishful thinking to expect that one could iave an effective bone 1

in the case of an atomic catastrophe. Mucdiwork is yet to be done um

ccntrolled clinical conditions before ons could be optimistic about 1

this procedure in man under highly controlled conditions, for an im:

let alone under conditions of a nuclear catastrophe.

Fovwever, the treatment of group 2 easuelties is not at all hope]

is ample clinical experience in conditions where the bone marrow is ;

pressed and in which there are inadequate numbers of circulating cel]

In ny opinion it would be tile vorst type

arrow bank

er carefully

lie use of

vidual patient

ass There

everely de~

gs. in these relatively common clinical conditions produced by sensitivity to dr

naturally as disease processes, the combined use of the wide spectr

that are now available, and the judicious use of blood transfusions

increases the survival time of the individuals, thus giving nature a

of time to repair spontaneously the damages that has been suffered.

could feel optimistic in respect to increasing significantly the sur

the group 2 (Survival possible) casualties ty wide spread controlled

biotics.* Preparation and stockpiling for such an emergency is obvic

Group III Survival Probable

gs, or cecurring

antibiotica

jgnificantly

longer period

Accordingly one

rival rate of

use of anti=

usly required.

This group consists of individuals who may or may not have had fleeting nausea

Blood transfusions vould be helpful to a limited extent for anen}
of availability of enough blood for: burna and other injuries is |]
blood may be needed for radiation injury supply may be exhausted,

The probability
Hence vhen

ae

Ow.
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and vomiting on the day of exposure. In this group there is no furthér svidence

of effects of the exposure except the hematologic (blood) changes tha} can be de-

tected by serial studies of the blood with particular reference to lybphocytes

and platelets. The lymphocytes reach low levels early, within 48 houfs, and may stow little evidence of recovery for many montha after exposure. The granulocytes

may show some depression during the second and third week. However, Fonsiderable

variation ig encountered. ‘The late fall in the granulecytes, during fthe 6th or

7th week, may occur and should be watched for, Platelet counts reac] lowest levels

on approximately the 30th day at the time when maximum bleeding vas dbserved in

Japanese who were exnosed at Hiroshima ard Nagasaki. This time trend in the plate

let count amd the development of hemorrhage is in merked contrast tofthat seen in

laboratory animals where platelets reach their lowest levels betveen[the 10th ani

15tn days ard henerrhage oceurs siortly thereafter.

in this group inidviduals vith neutrophil counts below 1000 per cubie mm.

nay be complcte by asymptomatic. L,kewise, patients with platelet cbunts of 75,000

per cubic mm. or less may show no external signs of bleeding.  It 4s well known that all defenses against infection are lowerai, even by sub-

lethal doses of radiation, and thus, patients with severe hematolo depression

should be kept umler close observation and administered appropriate [therapy as in-

dicated, There is reasonably good animal experimentation to indicafe that sublethally

exposed colonies of animals are more susceptible to endemic and epidemic infection.

The numbers of individuals in greup 3 (Survival probable) willfbe greater than

in group 2 (Survival Possible) and the munber in group 2 will be mpbater than in

group 1 (Survival improbable). Group 1 casualties will be helplessly injured.

Group 2 casualties will be able to help in their own care to a limifed extent. 
Group 3 casualties will be useful and a moderate anount of work wilf not be harmful.

No therapy other than observation is needed for thie group.

The rest of my comments will be focused on the fallout accidert that occurred
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on March 1, 1954. Following detonation, unexpected changes in the wind structure.

deposited radicactive materials on inhabited atolls and on ship of J

#7 which was conducting the tests, Radiation surveys of the areas r

radiation levels; therefore evacution was ordered, amd was carried o

possible with the facilities available. Althouth the estimated acc

to human beings were believed to be below dangerous levels that woulfl produce lasting

injury or mortality the Copmander of the Task Force requested aasisthnce of the

Department of Defense and the United States Atomic Energy Commiasio A medical tean

was requested which vould be organized to provide the best possible Fare of the ax

pos@d persons and to make a medical study of the exposures. The regbonsibility for

organization of the medical team vas shared between the A.med Forceq Special Weapons

Project D. O. D. and the Division of Blology and Medicine, United Stktes Atomic Energy

Commission, Since speed was essential ami sinee the United States Navy Medical De~

partment had experienced personnel available at the Naval Medical Ndsearch Institute

and the United States Naval Radiological Defense Laboratory, the Sumgeon General of

the Department of the Navy was requested to provide assistance, He fpromptly complied

and directed the organization of a team from the tvo above mentioned xXboratories. I

had the privilege to be the director of this toam, Within a periodjof three days equip-

ment was assembled and packed and the toam was airlifted to the Mar

arriving on the 8th day after the explosion, The interim care and qtudy of the ox-

posed individuals hnd been ably taken care of by the limited medica] facilities of the

United Szateo Naval Station, Kwajalein. I am pleased to call attenfion to the fact

of the very high degree of coopération betveen all government agencies concerned am

to the mumerous individuals who selflessly gave of their time and efforts. The num

ber i9 large and due credit and acknowlaigments are given in the official report of

the incidence published by the United States Sovernment Printing Office and listed

in reference (1).

NATURE OF THE EVENT AND DESCRIPTION CF TNE EXPOSED GROUPS  
The radioactive material fell on the inhabited atolls of RongeBap, the heaviest

iO
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doses on Adlinginas; on Rongerik where American servicemen were sta

Wirik vhere the smalleat dose was received but by the largest number

The Marshallese vere living under relatively primitive conditions in

constructed palm houses,

The American military personnel had the second highest exposure

more avare of the significance of the fallout then were the Marshell

put on additional clothing to protect their skin. As far as duties

P.Q12

pioned, and

of people.

lightly

L They vere

pse, and promptly

would permit, they remsined inside of aluminum buildings. In contrast to this th

in general remained outside andi accordingly vere more heavily cont

material falling upon the atoll and upon them.

All of the exposed human teings vere evacuated by air and surf

Fa

-tion to the United States Naval Station, Kwajalein, ss promptly as

woulda pernit. Since a survey of the individuals shoved that there u

contamination of tha skin, clothes and hair, the clothes were rencve

and repeated washings of tho akin and hair was carriei out with fres

The hair of the Marshallese was decontaminated with difficulty becau

Marshallese

nated by the

e transporta-~

neilities

nc sienificant

H and laundered

h voter and SORD.

se of the heavy

coconut oil hair dressing they used. On Rongelep there vere 64 inmiividuals that

received an estimated dose of 175 r. On Ailinginae there vere 18 ir

ceiving approximately 69 r, On Rengerik there were 28 American serv

ving approximately 78 r,

‘mately Yr.

Whole Aody Gamma Doses

Hividuals re-

{cemen recei-

On Utirdik there vere 157 individuals receiving approm The determinaticn of the whole bedy gamma doses aro dependent on the surveys

that were made with calibrated instruments approximately 3 feet above the ground

several days after the inhabitants were evacuated. In addition ce

had to be made about the arrival time of the clowi and the rate of

material. Only on Rongerik where there was a recording dosimeter

kmown precisely.

in ascumptions

liout of the

s arrival time

The dose rate of the continuing fallout of materidl was in part
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neutralized by the progressive radioactive decay. In addition the transit dose

from the cloud passing over the atolls could not be estinated. All bf these 
variables were taken into account amd the doses calculated. These dbses vere

consistent with the doses that vere actually measured on Rongerik film that

wee stored in refrigerators and by film exmosed outside on this atoll, Inview

of this internal consistency it 4s believad that the dose of radistibn on the atolls

ia reasonably accurate. Details of the calculation of the dose are fin the official

report which discusses in detail the probable range in values (ref. ft, Chapter 1)

CRARACTERISTICS OF THE GAMMA R’*DIATION

The fallout material when deposited on the ground formed a lard planar source

of radiation. The energy distribution of the radiation reaching an exposed indiv=

idual is influenced by its passage through the intervening air. A kKhowledge of the

Inherent gamma spectrim as 1% emminutes from the mpterdal itself is Psscntiel in

order to ceternine the spectmm that jJnpinces upon exposed sndividuahe. When one

takes inte account the spectometric data on tha mixed fission producks and the

depredation by Compton scattering along the path in air, a dose enerpy histogram

can be constructed, showing thnt there are roughly three regions with maxima at

100, 700, and 1500 KEV, The total exposure is thus the resultant effect of partial

dosos from each energy region, making the exposure energy condition Bignificantly

different from those of radiation therapy, experimental bdlology or ffon the prompt

mamma radiation of the bomb, Details of the characteristics of the posure are

discussed in reference. (Ref. 1, Chapter 1).

THE CHARACTERISTICS CF THE FALLOUT MATERIAL

The fallout meterial consisted predominantly of flakea of calcd} oxide re-

sulting from the incineration of the ccral. Upon the flakes of calcium oxide fission

products were deposited. At Rongelap Atoll the material was visidlefand described

as enow like. It stuck to the skin, adherel to the hair and clothes] the vegetation - 
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ard the habitations,

GIOMETRY Cr TRE -XPOSURE

Time does not permit a discussion of the effect of this but it Has been eluded 
to earlier and details of the influence of geometry of the exposure fo biclozic

effect are in references (1,17).

SUPERFICIAL DOSES CF RADIATION PROM RETA AND SOFT GAMMA RADIATION

There is no doubt tnat the dose of radiation to the first fow millimeters of

tha skin is substentially higher than thet at the midline of the body from the

 more penetrating parma component. Problems concerned with the estimbtion of the

dose of radiation to the skin are discussed jn detail in reference lf chapter 1.

To arrive at some physical ostimate of the skin dose an cdtamt must be made

to add up the contributions of the nenetratiny gamma, the less penotfFating ganma,

the veta bath to which the individuals were amosod from the relatively untiforn

deposition of Sission products in the enviroment and the point contnct source of

miterial depositeal on the skin. ‘Sy all means the largest component fof skin irradia-

resulted from the spotty local deposits of fallout material on expoged surfaces of

the body, It is completely impossible to catimate the doze from maferial that was

dcpositel on tho sxin, The relative hazard of the beta bath is disgussel in detail

in the previously mentioned reference (1),

CLINICAL CRSERVATIONS AND TREATMENT

SYPTCMS AID SIGNS RELATED TO RADTATION INJURY  
Itehine and burning of the skin occurred in 28% of the peope on Rongelap,

20% of the group on Ailinginae ami 5% of the Americena, There wera] no symptoms

refernble to the ykin in the individuals on Utirdk, In addition taj the itching

of the skin there was burning of the eyes and lacrimation in peopld@ on Rongelap

and Allinginse. It is probable that these initial skin symptome ware due to ir-

radiation since all individuals who experienced the initial symptoms later devel-

oped unquestioned radiation induced akin lesions that will be des ed in detail
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later.

oxide when dissolved in perspiration might have contributed to the

About 2/3rds of the Fongelap group were nauseated during th

P.Q15

It 49 possible however that the intensely alkaline nature of fhe caleiun

tial symptoms.

first two days

and 1/10th vomited ard hed diarrhea. One person in the Aflinginae grpup vas nauseated.

No one in the 2ongerik or Ttirik group had gastrointestinal symptoms.

CLINICAL CRSERVATIONS AND LEVROCYTE COUNTS  
Between Aho 33rd and the 43rd post cxposure day 10% of the individuals fron

Rongelap nad an nbsoluto eranulecyte level of 1,000 per cuble millimeter or less,

The lowest count during this veriod was 700 per cubic millimeter. ring this

jnterval tho advisability ef prophyinctic administration of antibiotics was seriously

considerel., However prorhylactic administration of antibiotics was fint instituted

Tor +ha following reasons:

1) A2) intivédwels vere uber continuous malleal observat!pn sa that

infection if it develoned wadd have been discovered in its eirller

)

amiications for treatment, ani might also hava led to

MUNTES «

a Premature adainistration of entibsfotics aight have obgcuread medical

   
   

 

  

 +
athe developmert of drug resis

tant,organismy in individuals with lowered resistance to infection,

3) There vag no accurate knawladge of the number of gramifocytes required

Yo man to rrevent infection with this type of granulocytoponia.

The observed situation vas not strictly comparable to agranuldeytosis with

mn aplastic marrow as sean following known lethsl doses of radiati In the latter

instant, sranulocytes fall rapidly vith practically none in the cigenlation and no

evidence of granulocyte regeneration when infection occurs. In anf present group

of individuals exposed to radiation, most counts reached approximefely 1/4 the normal

value, but the fall to that level was er:idual snd the presence of bmnature granulo- 
cytes in the poriphernl blood during the neriod of cranulocytopeniB was indicative

of some new granulocyte production, The few individuals that recdived antiblotics

had conditions that would have been treated with antibiotios in tHe absence of any
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previous exposure to irradiation. uring the 4th and Sth exposure ve

upper respiratory infection,occurred. The respiratory infection cons

malaise, pharyngitis with prominent lymphoid follicles, fever during

and a surulent nasal and tracheal discharge for sbout 10 days. It wa

P.016

6 an epidemic of

sted of moderate

e first day

of interest

to determine whether this respiratory infection could be correlated with the dose

of radiation received or changes in the leukocyte count, There was n

The respiratory infection in the medical personnel involved in the ca

of the irradiated individuals was similar in incidence and severity,

ClinicalObservations and Platelet Counts

correlation -

re and study

Fleven individuals had platelet counts that fell as low as 34,000 to 65,000/m>,

All individuals with platelet counts less than 100,000 per mm? vere «

for avidence of hemorrhage into the skin, mucuous membranes and retiy

examinei daily for rej cells ard altxmin. “omen were quertioned cond

ive menstruation. The only ovidence for any umiue bleeding wero tvo

struated profusely at the time of their maximum platelet depression,

sufficient to cause them concern and subsided vithout any specific t

The Effects on Pregnancy

Four women in the Rongelapgroup were pregnant when brought

Two were in the first trimester, one in the second trimester and on

trimester. There were no abnormal symptoms referable to pregnancy.

could be determined the pregnancy continued in the normal fashion. [I

manined daily

a, Urine was

erning excass~

vonen who men=

It was not

eatment.

to Kwajalein.

in the third

As far as

n the Ailinginae 
group, one woman wag in the second trimester. Fetal movements were

individual in the third trimester, The pregnant women had a marked

platelet counts but at no time was there any vaginsl bleeding. At

naffected in the

epreasion of

e twelve month

Teexamination of the above women all had delivered. One baby vas bdrn dead the others

were normal, In the case of the one stillborn, irradiation cocurr

either before conception or early in the first trimester. It is pofs

irradiation may have contributed but there is no way to prove this.

 

to the mother

{ble that the
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Special Examination of Eves

Ay all followup examinations an ophthalmologist has examine

all individuals. To date m lesions aseribable to ionizing radiati

P.O?

a the eyes of

bn have been

found. Similar studies have been made on the eyes of non exposed ypreballose

and the incidence of eye lesions is identical in the two groups.

SKIN LESIONS AND EPILATION

As mentioned earlier there was burning of the skin, On first pxamination by the medical team on tho 9th post exposure day the exposed people appeared to

be in good health and the skin was definitely normal in external appearance.

Evidence for the development of skin lesions commenced apnroximatelp two weeks

after exposure. During the early stages of development of the lesi

burning and slight pain were experienced with the more superficial

deeper lesions the pain was more severe. The deeper foot lesions wv

painful sm caused some of the people to walk on their heels for se

ing the acute stages.

were painful, There were no constitutional symptoms ansccinted with

The characteristic sequence of events in the development of the les

eccurrence of symptoms, then of black pigmented areas, small in siz

ns, itching,

lesions. With

are the most

yeral days dur

Some of the more severe lesions of the neck knd axillae

the skin lesions,

lions was the which grew

larger in size and coalesced. Later the akin began to shed from th§ inside of

the pipmented plaques to the outside and in some cases resulted in phe production

of large depigmented areas, In most of the lesions the shedding wag limited to the

superficial layers of the skin.

of superficial ulcers.

can best be illustrated by referring to Chapter III reference (1) w

pictures illustrate the sequence of events, In addition to te skin

hair, spotty in nature occurred in sone of the individuals.

with normal color and texture and the regrowth was complete in all ay

middie aged man in whom it came in somewhat sparsely. Small pieces

The ha!

In some the process continued with|the development

A few became infected. The appearance of tHese skin burns

ere kodachrome

burns, loss of

ir grew in again

reept possibly one

of skin were
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 resoved surgically from some of the burned areas for microscopic study. These pieces

of skin demonstrate the typical findings of radiation injury. Seme of the ekin burns

became infected particularly those on the feet ami were treated locally by cleansing

and applications of antibiotic ointments. The skin burns healed in mbst cases with

return of normal color and texture of the skin and in some casea scarp were left

with depigmented areas. The worst burn occurred on the back of the eer of a middle

aged man, It produced a permanent scar with absence of pigment ami @bnormal blood

vessels and a slight horny growth of the overlying skin hes developdd. The skin

has been corefully observed at 6 months, 12 months, 2 years and 3 yegre after ex

posure and there is no evidence at the present time of any breakdownJin the early

burns of the skin, There is no evidence of the development of cancer at this time.

In some the depigmented scare are still evident. The individuale have been seen on

two occasions by a plastic surgeon, Dr. Bradford Cannon of the Medical School

who feels that no plastic repair 4s necessary and that the prognosig in general is

good.

FACTCRS INPLUMZICING SEVERITY OF TUR LESIONS

Certain lessons were learned fron the Marshallese experience.

Burns were caused by direct contact of the radioactive matorim= with the skin.

Tha perspiration as common in the tropics, the delay in decontamindtion ani the

difficulties in decontamination certainly favored thecevelopment of the skin burns.
  

 

 Those individuals who remained indoors or under trees during the rgllout developed

less severe skin burns. The children who went wading in the ocean{developed fewer

lesions of the feet and most of the Americans who vere more aware Pf the dangers

of the fallout, took shelter in aluminum buildings and bathed and [changed clothes,

Consequently they developed only very mild beta burns. Iastly a qingle layer of

cotton material offered almost complete protection as was demonstyated by the fact

that skin burns developed almost entirely on the exposed parts of[the body. The pro-

gnosis of beta skin burns andradiation burna of the skin is excellently described
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in Chapter III of reference (1).

HEMATOLOGIC OBSERVATIONS

It ise generally considered that changes in the blood are the mist sensitive
 

biologic indices of exposure of living human beings to radiation. Accordingly ex-

tensive simple hematologic studies vere performed on the Marshalles@. Sines there

were no previous hematologic studies on the exposed Marshallese, it|was necessary to

set up control groups of non expesed Marshalled of the same age andjsex distribution

for comparative purposes. I shall restrict my comments to the findings in the eroup

from Rongelap sines the tanporal sequence of events are identical if all of the ex

posed groups. Of course the depression was less marked in the leas|severly exposed

groups.

Neutrophile Count  The absolute neutrophils count of both the younger and oldeF age groups fell    

   

    

  

during the second week to a valuo approximating 70 to 80% of that of the controls.

Folloving the depression there vas an oscillation roughly around the control value

until about the 30th post exnosure day at which time there was a prperessive decreare

in the blood count with minimum values being attained around the 45th day after ex-

posure. It is of interest, that the depression in the children, 1

of age was greater than in the individuals who were greater than 5

Following this maximal depression there was a slow return of the nqutrophile counts

towards normal, However at 6 months they were still depreesed. Atj one year and two

years the neutrophile counts were back to the control level. Howe at 3 years

there Was a drop in the absolute mean neutrophile count but this allso occurred in

the control population. It is not known whether lowered counts represent a popiu-

lation trend as has been noted in the Japanese for both irradiated jand non irradiated

populations, or vhether it is merely a statisticalfluctuation thed is to be expected

in this type of study. More work {fs necessary on this point.

Lymphocyte Count,

:
f
o
.

o
e

-
:

.
w
e
s
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By three days the lymphocytes dropped to 50% of the controld. The percent

drop in the children less than 5 years of ago was greater than thatlof the people

greater than 5 yeara. The lymphocyte count remained at approximately the same isvel

through the exposure period. At 6 months, twelve months, two yearsfeni three yeara

the level though increasing had not quite reached that of the contrpl population.

Platelets

The maximum depression in platelets was obtained epproxinafly 28 to 30 dsys after exposure in contrast to laboratory animals that attain their finimun values

    

 

   

between the 10th and 15th days after exposure. In this case the clildren under 10

years of age had a greater percentage drop than those vho were oldér. The platelets

began to recover after the 30th day attained a maximum about the 4fth day. There

Was then a seconcary drop with a leveling off for the remainder of[the pest exposure

period and at G6 months, 12 months, two years and throe years slow Fecovery was still

under way. The levels of the population were approaching the contfrols but have not

yet roached it. In all of the hematologic studies mentioned abovd it is stated that

the present levels are net equal to that of the controlled populatiion. However I

wish to cuphasize that the current levels of the blood cells of ajl types is more

than adequate to take care of the infeotions and the various troubles of everyday

existence, This statistical expression of a inadequate recovery probably represents

the residual radiation injury that is of considerable interest tofstudy but does

mot appear to be overtly harmful to the individuals. One can bo Feasonably confident

in this because they are not faring less well in resistance to dibease than are the

Marshallese who were nonexposed and living in the same area.

- INTERNAL ABSORPTION OF RADIONUCLIDES

During the tvo days before evacuation, the Rongelap people Jived under cormditions

of extreme contamination without any concerted effarts to protec} themselves against

the dangers of internal contamination, These individuals drank fontaninated water,

and ate their natural foodstuffs which were contaminated externally, Their hands
4  
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were contaminated; they inhaled and obviously ingested certain intetfrtoate amounts

of material.

The cody burdens of isotopes in these individuals was evaluated

analysis of the urine of the exposed people and assisted by studies

by radio chemical

bn swine. These

swine were removed from the island at a later date. The urinary and] fecal excretion

was studied and ultimately the animals were killed. Extensive radio

were made of their entire bodies. By comparison approximations of

radionuclides was made.

Rare amd alkaline earths accounted for about 70% of the urine

tiun 89 vas about at the maximum permissable level at one day.

members of the iodine family which had to be presont early, result

radiation to the thyroid glands, estimated between 100 and 150 rep.

must be added the penetrating externs] gamma component. By 6 month

barely detectable in the urine. At 2 years from analysis of pooled

and individual samples very tiny amounts of sr90. Cat| Pr. and Ca

The results of the tree year radiochemical analysis of the urinces

collected are not completed as yet. It was believed that tho body

lod

chemicals anslysis

ody burdens of ctivity. Stron=

ne 131 and other

ina dose of

To this of course,

radiation vas

urine samples

vere present",

that were recently

burdens of these people was very low and probably biologically insignificant. Howe

bring some of the individuals to the United States for study with

counter at the Argonne National Laboratory. This decision was tned

any fear but because the analysis of the urine and the animal anal

ect means to obtain probable body burdens. It was obviously desir

firmdirect measurement of the body burden from the scientific sta

determine the precise body burdens. Pour individuals from the Ron

from the (irik group ami one control Marshallese (a total of7) w

United States and taken to the Argonne National Laboratory. There

of Dra. Marinelli, Rose ami Miller the total body gamma activity uv

* Studies performed both at U. S. Naval Radiological Defense Labo
Reed Amay Medical Center. | | !

r it wes decided to

e total body gamma

not because of

sis vas an indir

able to obtain a

point and to

elap group, two

re brought to the

» under the direction

g measured. The

atory ard Welter
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results are yet incomplete and have to be analyzed further. It wad found that the

exposed Marshallese had counts that were higher than non exposed pdoples in the

United States, However the values were far below the current permfssable levels.

Since there has been some misunderstamiing in the press about [children boing

trought to the United States for study I would like to atate that all the individuals

brought to the United States vere adults with the exception of one[16 year old boy. |

They have subsequently been returned to the Marshall Islands.

THE CONTINUING STUDY _OF THE MAR SHALLESE

My associate in the Medical Department of Brookhaven National [Laboratory, Dr.

Robert A, Conard, a member of the original team that took care of Jand studied the Marshallese and director of the two and three year surveys has retdined an abiding

interest in the Marshallese, On behalf of the Atomic Energy Commidsaion and Breok-

haven National Laboratory he has undertaken the continuing respons{bility of yearly

surveys of these pcople, These swrveys are being made possible hy|the cooperation

of the Medical Department of the United States Navy amd its activifies, the Medical

Research Institute ot Bethesda, Maryland and the United States Havdl Radiclosical

Defense Laboratory in San Franeisce. The continuing project 4s a Joint effort di-~

rected by Dr. Conard and participated in by the Medical Department jof Brookhaven

National Laboratory, the two Navy institutions mentioned earlier amd interested phy

sicians and scientists of various American universities and medical] schools.

One cannot leave this tremendously important subjectof falloyt and the unfor=

tunate accident that occurred in the Marshall Islands in 1954 withqut the frank recog=

nition that late offects of ionizing radiation are possible. Many|late effects have.

been otserval in man amd in animals, These are condensed in detai] in the National 
Acadeuy of Sclences report (8). Accordingly a search for late eh de an essential

part of the continuing survey. A summary of the 3 year status of these people follows."

* It will be reported in detail in reference 22 now being prepare: ‘
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Fertility

Effects of radiation exposure on fertility is difficult to as

Mershaliese. If there has been any effoct on fertility it must havo

lived since pregnancies are occurring normally and at rate similar to

of Marshallese.

Pregnancy

There las been no apparent effects of radiation on the course

in the Marshaliese. Since the delivery of the four women who were pr

time of the event, there have been twelve pregnancies which have term

of these tarminated normally, one terminated jn a stillbirth and one

P. 023

spss in the

an very short

pther groups

of pregnancy

fanant at the

inated, Ten

maby died several hours after birth apparently of an infection of the cord. Ti

vital statistics makes this data difficult to interpret. However it

m lack of

oes not

appear that this incidence cf still births is greater than that of otfher comparable

native groups in the mid Pacifie aroa,.

Fffectr_on the Fetus

The three babies irradiated ireutero bave not shntwm any abnoft

as Was abservel in a me of the Japanese tables irradiated in-utero ([

microcephaly).

Growth and Develonnont

On each resurvey the expose! and control children have heen fh

malities such

or ezuinie

xtehed for age

and sex. Measurements on growth am development have been carried qut. Anthropometric

measuraments have been incomplintely analysed as yet. Since the nme

arc smal) the data is not easily subjected.to statistical snalysis.

rs of children

Hovever there

does appear to be avidence susgestive of a slight impairment of gropth and develop-

ment as moasured by comparison of height and veight in the control i exposed chil-

dren. No abnormalities of the eyes have been observed.

Shortening of Life Span  Inmimais the evidence for shortening of life span is quit good. It is
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evident that the life srortening is some function of the dose of rad}

extrapolation from mice toman is extremely difficulty. Tt is unli

statistical analysis can be msde on the Marshallese because of the

imiividuals and the uncertainty of the precise birthdate in the old

has been ons death in tho Roengclap group who at autopsy showed ovid

ease. In the larger group from Utirik there have been five deaths.

deaths is comparable in both croups one havinz received 175 r am t

i4 re. To date one must conclude that there lus been no significant

prenature ageing or shortening of the life span of the Marshallase,

Leuxemia end Cancer

Loukemia i5 one of the things thst is know to have occurred in

ama is prevalent in ixradiated laboratory animals. To date no leuk

and there is no evidence of leukumfe tendencies, This is being stud

by the uso of alkaline phospnatuse stuifes on the granulocytes ani

on the blood, It lias been shown by the stulies of Moloney et il.,

basonhilisa and Qacrease in alkuling pho subatane precedes the cdevele

Genetic Rtfects

P.024
x“

%

ation, Hovever, the kely that any good

1 nunbers of

e Theregroups.

ence of heart dis-

The number of

t > latter only

evidence for

the Japanese

fs has occurred

ed intensively

rasophile counts

In Janan that a

pment of Jeuxusia.

The small number of individuals involved and the tnadenuaed vital statistics

make it difficult to determine genetic changes. It is certain that

ao abnormalitics in the first generation of babies. The unmiesirea)

gonetic studies are in part offset by the teniency of conaanguincu

are prevalent among the Marshallese, From this standpoint genetic

davelop and are being sought.

- Long Term Pffects of Internally Deposited Radionuclides

The very small amounts of radioactive materials that are d

are by themselves inadequate to produce serious long term effects.

tnere hava been

Ne aspects for

marriages that

effacts may

posited internally

Howeverthe sub- 
ject 1s complicated by the fact that the individuals had a sub

from whole body radiation. ‘In addition to the whole body radilati

fa) initial insult

the thyroid gland
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received approximately 100 to 150 rep from the short lived ijodin

    

    

  
   
  
  

   
  
   
  
  
  
  

  

 

 
family. It hae

been reported that irradiation of the thyroid area in early life Enereases the

incidence of cancer of the thyroid. Accordingly thyroid Sunction}and the possilbity

of thyroid cancer is being studied in the Marshallese children.

Before concluding I cannot refrain fron expreasing my personal opinion and cor

viction on twoaspects of the fallout problezw. First, the acute amd long term hazards

of fallout such as would occur following the use of thermonuclear Hevices in warfare

is simply unthinkable. The wide spread contamination over contin tal areas from

multiple detonations of thermonuclear devices over pupulated areagi would preduce rrd-

iation hazards for all living things and for generations to come. [These hazanis are

understood. These hazards cannot be considered as the usual “cale lated risk hasis*®

ef varfare in the met, One can only make a plea that an enlighteged world, will

demand that their representatives in government also appreciate thdse Lazards and

wWth this recognition bring every conceivable affort of diplomacy solve the pro-

blems posed by differences in political and economic {declogies and thus prevent a

type of warfare that cannot be considered in terms of tcalculatei rpsk".

Second the vorld wide low level radiation of today from diversp sources has been

analyzed thoughtfully by competent people iniividually and in assembly. Note the

sober and realistic reports of the National Academy of Seiences, th¢ British Mailoal

Research Council and the United Nations. These reports point out te multiple sources

of radiation in our lives today and the necessity for continuous scyutiny. Let us not

confuse unavoidable radiation exposure with radiation hazard. Let not lose sight

of the multiple sources by widue preoccupation with world wide fallout. Let us not

be so preoccupied with radiation in general that we forget about indbstrial pollution

of our enviroment in general by non radioactive but toxic substance. Lastly the

incidence of leukemia vas apparently increasing prior to the development of atomic

energy. Why?
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